Introduction
Double skin façade (DSF) represents an additional skin on the outside wall of a building. This additional skin can be either opaque or transparent, and it depends on the architectural concept of the designed building. In recent years, there has been a growing tendency to use DSF in Serbia, as is the case throughout the world, although it has been implemented only in few buildings. The main reason for this is that, currently, there is a limited direct experience of benefits in using them.
Importance of proper design of DSF was recognized by the International Energy Agency (IEA) Solar Heating and Cooling (SHC) and Energy Conservation in Buildings and Community Systems (ECBCS) Programmes, under SHC Task 34/ ECBCS Annex 43: Testing and Validation of Building Energy Simulation Tools, Project E: Buildings with Double-Skin façades. Through a joint effort, the literature review on DSF [1] and a final report on empirical validation of building simulation software for modeling DSF [2] were written. In [2] only several building energy simulation programs (BESP) were used: VA114, ESP-r, TRNSYS-TUD, IDA, BSim, while others were not rejected, only not used due to certain circumstances. Domestic authors have recognized the importance of DSF influence on energy demand for -------------- cooling and heating as well, first Todorović et al. [3, 4] and more recently Andjelković et al. [5] . They presented the inter-space temperature calculation method and its variation in order to calculate heating losses and cooling loads through DSF by taking into consideration diffuse solar radiation, heat flow from wall's surfaces to inter-space by longwave radiation, and air velocity in inter-space on heat transfer coefficient [5] .
Influence of DSF ventilation, DSF ventilation control strategies, implementation of blinds in DSF, the way to model natural ventilation in DSF, how to calibrate model, etc., on building heating and/or cooling demand have been examined by many authors. Gratia et al. [6] compared buildings (with and without double skin façade) with a high level of thermal insulation in order to show how to use DSF according to internal and external climate conditions, and to compare performances of the buildings in these two cases, by using TAS software. The authors showed that DSF decreased the heating and increased the cooling load of the building. The same authors examined the influence of natural ventilation of DSF driven by wind and stack effect in a medium sized office building [7] . Cetiner et al. [8] found out that DSF configurations are more energy efficient than SSF for an office building in Istanbul, Turkey, for the same type of glazing applied in both configurations (double low emission glass), and that using solar control devices reduces energy efficiency. Yilmaz et al. [9] proposed heat loss calculation in DSF, and documented that SSF heat loss is 40% higher than that of DSF for the same building. Hien et al. [10] examined the effect of DSF on energy consumption, thermal comfort and condensation for a typical office building in Singapore. They determined cooling loads for five scenarios ranging from SSF to fully ventilated DSF using TAS and CFD simulation, and showed that DSF with a purely stack effect is good enough to extract solar heat gain inside the cavity, however, adding mechanical ventilation did not result in greater energy savings due to maintenance costs. Perez-Grande et al. [11] investigated the influence of glass properties on the performance of DSF. They concluded that glass selection could increase the total heat transfer into the building by factor of five, for certain outside conditions. Manz et al. [12] proposed a three-level modeling approach for buildings with DSF. Gavan et al. [13] examined the influence of ventilated DSF with venetian blinds on energy performance, and proposed control of blind angle and airflow through DSF zone. Gratia et al. [14] used TAS software to examine the influence of adding DSF on the N-S and E-W oriented office building with 3 levels of insulation and different natural cooling and heating strategies. Authors found that for each case adding DSF would lead to reducing heating loads and increasing cooling loads. Hoseggen et al. [15] investigated whether to apply DSF in an office building in Norway. Results showed that adding DSF would decrease heating energy demand on one side, and would not significantly increase the number of hours with excessive temperatures. Hamza [16] measured the impact of DSF configurations on building cooling loads using IESVE 5.1 software. The author concluded that in hot areas east and west façades should be avoided if possible. He also demonstrated that not every combination of glazing in DSF is better than the reflective single skin façade. In addition, there is a reduction in peak and annual cooling load if tinted or reflective glass were used in DSF compared to benchmark configuration. Jiru et al. [17] presented the application of zonal approach for modeling airflow and temperature in both mechanically and naturally ventilated DSF. Saelens et al. [18] described how to optimize energy performance of a single story naturally ventilated DSF according to net energy demand of the building under typical Belgium conditions. Kalyanova et al. [19] performed an empirical validation of various BESP for modeling DSF. They concluded that none of the models appeared to be consistent enough when comparing simulations with the measured data. Leao et al. [20] examined three glass combinations for eighteen office room sizes in Brazilian climate using EnergyPlus software. Authors concluded that northern regions in Brazil do not have appropriate climate for using DSF. Chan et al. [21] exam-ined various combinations of glass types in DSF and their impact on cooling energy demand using the EnergyPlus software. They concluded that the configuration of DSF with single clear glass as the inner pane and a double reflective glazing as the outer pane can provide 26% savings in annual cooling energy compared to SSF with single absorptive glazing. Kim et al. [22] analyzed difficulties and limitations in performance simulation of DSF with EnergyPlus. They applied the methodology of experimental set-up and calibration of simulation model in EnergyPlus. They performed simulations for six ventilation modes and ten airflow regimes in DSF and gave the model for determining convective heat transfer coefficients and vertical airflow in the DSF cavity. Kim et al. [23] tested three control options for airflow in DSF and performed simulation using TRNSYS. They also validated the model by field measurements. Pappas et al. [24] presented a validated modeling process for analyzing thermal performance of naturally ventilated DSF using EnergyPlus as BESP and CFD software. They calibrated the model with experimental results from others. This paper compares both delivered heating and cooling energy of an office building during the winter period with different DSF ventilation strategies (no ventilation/natural ventilation/mechanical ventilation) and different glazing types for inner and outer skin of DSF. The glazing types were chosen from the Serbian Ordinance on Energy Efficiency of Buildings [25] , which will come into force on September 30, 2012. This ordinance currently covers only annual heating energy consumption, and all the buildings are categorized in classes from A+ to G, where A+ represents the building with the lowest energy consumption. C-class is taken as the referent value for all building types and for office buildings, it has the following values: for new buildings 55 kWh/m 2 a, for refurbished buildings 65 kWh/m 2 a. The building and the HVAC systems are modeled/simulated using the EnergyPlus software.
Method

Description of the office building and HVAC systems
The influence of different ventilation strategies and glazing types on delivered heating and cooling energy during heating season was investigated for the building shown in fig. 1 . The building is a two-story office building with offices aligned on two façades (north and south) separated by central corridor. There is a total of 40 (20 per each floor) offices which represent separate thermal zones. Corridors on both stories are separate zones as well. Double skin façade is attached to south façade of the building with a depth of 0.6 m and is modeled as an unconditioned zone. The outside masonry wall is insulated with 6 cm polystyrene and has U-value of 0.488 W/m The building is occupied only during weekdays, from 7:30 to 22:30 h. It is assumed that one person occupies 5 m 2 of area, although the office occupancy is scheduled throughout the day. Lighting level is assumed at 30 W/m 2 , although daylighting control is modeled for each office. Lighting system is available only during the occupied period of the building.
Offices and corridors are equipped with four pipe fan-coil units since the orientation of the building suggested that during transitional periods, from summer to winter and vice versa, simultaneous cooling and heating needs may occur. As a heating source, a natural gas fired boiler is used, while as a cooling source, an air cooled chiller is used. Operation and availability of all primary and secondary systems and components are adjusted to building occupancy, while for the weekends the technical minimum is used (reduced heating).
Double skin façade ventilation principles and glazing types
For the purpose of this study, three different ventilation principles were selected: (1) No ventilation -cavity of the DSF zone is completely sealed; (2) II: Natural ventilation -cavity of the DSF is naturally ventilated, and for this purpose built in algorithm for natural ventilation of EnergyPlus is used [26] ; (3) III: Mechanical ventilation -cavity of the DSF is mechanically ventilated by adding a fan into the DSF zone. Since there was no available information, 20 air changes per hour were selected, and considered with proper fan schedules. Table 1 gives 15 different glazing types from [25] . Based on glazing types given in tab. 1, 5 glass types of the same manufacturer were selected. Optical and thermal properties of glass materials required for EnergyPlus model were taken from [27] and are given in tab. 2. [28] .
Results and discussion
Since in [25] there are only limitations for U-values of fenestration surfaces in heated zones of the building, simulations of the baseline scenario (building without double skin façade) were performed. For each simulation all fenestration surfaces on the building were of the same type as shown in tab. 1. There were 15 baseline scenario simulations, out of which 9 were eliminated due to greater window U-value than allowed. Those were simulations with glazing types 1, 2, 3, 4, 5, 6, 7, 14 and 15. Delivered heating and cooling energy for baseline simulations 8-13 is shown in fig. 2 . The double skin façade zone was treated as an unheated space. The inner skin of the DSF zone was regarded as the boundary between the heated space and "outdoors", thus the windows on the inner skin could only be of types 8-13 from tab. 1. The outer skin of the DSF zone was the boundary between the unheated space and outdoors, thus it did not have limitations regarding the window U-value. This practically means that windows on the outer skin could be of every type given in tab. 1. A total of 90 different glazing configurations for DSF zone were created and, for each of these, 3 ventilation strategies were applied. This resulted in 270 simulations. The results were summarized by the applied ventilation strategy.
DSF not ventilated
Since DSF is not ventilated (completely sealed), it represents a "green house", and a good buffer in case of delivered heating energy, but with an increase in delivered cooling energy. The results of all simulations for this ventilation principle are presented in tab. 3. 
DSF naturally ventilated
In the case of natural ventilation [26] , a slight increase in delivered heating energy was observed, but a reduction in delivered cooling energy was also noted, compared to case I. The results of all simulations for this ventilation type are summarized in tab. 4.
Configuration 13-11 also resulted in the smallest delivered heating energy with the amount of 56765.1 kWh, and configuration 8-14 in the largest with the amount of 70549.8 kWh, which is a deviation of 24.28%. Delivered cooling energy kept the same trend as in the first ventilation strategy, but with the following values: configuration 12-14 had the smallest value of 1967.6 kWh, configuration 8-11 had the largest value of 6976.2 kWh (254.55% deviation). Table 3 . Delivered heating (H) and cooling (C) energy (*1000 kWh) in case DSF not ventilated Table 4 
. Delivered heating (H) and cooling (C) energy (*1000 kWh) in case DSF naturally ventilated
Compared to baseline scenarios ( fig. 2) scenario 8) to 55.72% (DSF configuration 11-11 compared to baseline scenario 11), but with an increase in delivered cooling energy of up to 131% (DSF configuration 8-11 compared to baseline scenario 8), except glazing types 14 and 15 on outer skin, where the decrease of 34.42% in delivered cooling energy was noticed (DSF configuration 13-14 compared to scenario 13).
DSF mechanically ventilated
Mechanical ventilation increased delivered heating energy, but significantly decreased delivered cooling energy. In addition, a slight shift in combinations with extreme values of both are noticed as shown in tab. 5. Table 5 . Delivered heating (H) and cooling (C) energy (*1000 kWh) in case DSF mechanically ventilated Configuration 11-1 resulted in the smallest delivered heating energy in the amount of 60043.9 kWh, and configuration 8-14 in the largest delivered heating energy in the amount of 73074.9 kWh, which is a deviation of 21.7%.
Configuration 12-14 resulted in the smallest delivered cooling energy in the amount of 1724.6 kWh, and configuration 11-1 in the largest delivered cooling energy in the amount of 5635 kWh, which is a deviation of 226.75%.
Compared to baseline scenarios ( fig. 2 ) all configurations resulted in the decrease of delivered heating energy from 45.08%% (DSF configuration 8-14 compared to baseline scenario 8) to 53.25% (DSF configuration 11-1 compared to baseline scenario 11), but with an increase in delivered cooling energy of up to 75.25% (DSF configuration 8-1 compared to baseline scenario 8), except glazing types 14 and 15 on the outer skin, where the decrease of 42.01% in delivered cooling energy was noticed (DSF configuration 10-14 compared to baseline scenario 10).
Conclusions
From all of the results it is clear that in all cases adding a DSF zone to the south wall of the building, independent of the ventilation principle and glazing type applied, leads to the decrease of delivered heating energy of up to 55.80%, which is in compliance with the results from [6, 8, 9, 14] . Delivered cooling energy during the heating season will increase by up to 139.25% if inadequate glazing type is chosen. This is in compliance with the results from [16] .
The smallest delivered heating energy is obtained by applying glazing type 13 as the inner skin of DSF, except if applying mechanical ventilation for the DSF zone. Even in this case, all combinations based on glazing type 13 have smaller average deviation (3.49%) than the combinations based on glazing type 11 (3.93%).
The best results, from the delivered cooling energy point of view, are obtained with combination 12-14 as expected due to the best solar protective properties of this glazing type. Nevertheless, the deviation in delivered cooling energy is significant and the lowest average value of this deviation is achieved with a group of simulations based on glazing type 12 as the inner skin.
The answer to the question which combination of ventilation/glazing type is the best from the energy use standpoint can not be generalized, because there are numerous factors that influence delivered cooling and heating energy. In this case, only general guidelines can be given, and all comparisons should be done on the primary energy level for each particular case.
